Background: Sorafenib is a standard therapy for patients with advanced hepatocellular carcinoma (HCC). However, no predictive biomarkers of sorafenib efficacy have been discovered. Herein, we investigated the impact of body composition, such as skeletal muscle and visceral fat, on the prognosis of advanced HCC patients treated with sorafenib. Methods: We enrolled 100 patients with advanced HCC treated with sorafenib. Prior to receiving sorafenib therapy, skeletal muscle index (SMI) and visceral fat area (VFA) were measured using computed tomography at the third lumbar vertebra and umbilical level, respectively. Muscle depletion was defined as an SMI value < 42 cm 2 /m 2 in men and < 38 cm 2 /m 2 in women. High VFA (H-VFA) was defined as a value ≥100 cm 2 . In addition to SMI and VFA, we also analyzed various clinical parameters as potential prognostic factors. Results: Multivariate analysis showed that having a tumor number < 7 (hazard ratio [HR] = 0.409, p < 0.001), absence of extrahepatic spread (EHS) (HR = 0.562, p < 0.001), absence of muscle depletion (HR = 0.498, p = 0.006), and H-VFA (HR = 0.556, p = 0.031) were significant factors for long-term survival. Therefore, we evaluated the prognosis of those with no muscle depletion with H-VFA. The no muscle depletion with H-VFA group showed significantly longer survival than the other group (median survival time 15.6 vs. 11.0 months, p = 0.003). Multivariate analysis showed that having a tumor num- We identified no muscle depletion with H-VFA as a novel biomarker for advanced HCC patients treated with sorafenib.
Introduction
Sorafenib is an orally multitargeted kinase inhibitor that suppresses signal transduction pathways which mediate tumor growth and angiogenesis. In large-scale phase III trials, sorafenib treatment significantly improved overall survival (OS) and time to progression in patients with advanced hepatocellular carcinoma (HCC) [1, 2] . Therefore, sorafenib has been widely used as a first-line standard systemic agent and is the currently recommended standard of care for the treatment of advanced HCC [3] .
However, there are several weak points in sorafenib treatment. First, the response rate to sorafenib is low at approximately 2-3% and survival prolongation is short at < 3 months [1, 2] . Second, most patients present with various adverse events of sorafenib, with drugrelated grade 3 or 4 adverse events, according to the National Institute of Health's Common Terminology Criteria for Adverse Events version 3.0, observed in 37.4% of Japanese patients participating in the GIDEON study [4] . Finally, as sorafenib treatment is expensive, its associated cost represents a limitation [5] . Although several studies have investigated predictive biomarkers of sorafenib efficacy, there have been no established predictive biomarkers [6] [7] [8] [9] . Therefore, a simple biomarker for the prediction of sorafenib efficacy would be clinically advantageous.
Body composition characteristics, such as skeletal muscle and visceral fat, are considered to be prognostic factors for various diseases, including cancer [10] . In particular, sarcopenia has been reported to be an independent predictor of survival in patients with lung, gastrointestinal, pancreatic, and colorectal cancer as well as HCC [11] [12] [13] [14] [15] . For HCC patients receiving sorafenib therapy, it has been reported that skeletal muscle depletion is an independent prognostic factor [16] [17] [18] . However, visceral fat area (VFA) is a controversial topic regarding its effects on survival of patients with HCC [15, [19] [20] [21] . In addition, there have been no studies in relation to both skeletal muscle and visceral fat in HCC patients treated with sorafenib.
In this study, we retrospectively analyzed the impact of body composition, in relation to both skeletal muscle and visceral fat, on the prognosis of advanced HCC patients treated with sorafenib, with the aim of developing a beneficial biomarker of sorafenib.
Patients and Methods

Patients
Between September 2009 and July 2016, sorafenib was administered to 107 patients who were admitted to our hospital with unresectable HCC. A total of 100 patients who underwent computed tomography (CT) imaging within 1 month before the initiation of sorafenib treatment were enrolled in this study. The diagnosis of HCC was based on imaging results and elevated serum levels of alpha-fetoprotein and/or des-gamma-carboxy prothrombin. We assessed HCC tumor stage using the criteria of the Liver Cancer Study Group of Japan, 6th edition [22] . Sorafenib was administered to patients with advanced HCC who were confirmed to be transcatheter arterial chemoembolization refractory, showed evidence of extrahepatic spread (EHS), and/or had macrovascular invasion. In principle, sorafenib was administered orally at a daily dose of 800 mg for as long as possible; however, it was withheld at a daily dose of 400 mg according to liver function.
Assessment of Skeletal Muscle and Visceral Fat
All patients underwent CT within 1 month prior to receiving sorafenib therapy. The degrees of proportional skeletal muscle area and VFA were measured from the patients' CT images. Using an AZE 3D work station (AZE Virtual Place Raijin; AZE Ltd., Tokyo, Japan), we analyzed the cross-sectional CT images at the third lumbar vertebra level to determine skeletal muscle area, as well as at the umbilical level to determine VFA. Skeletal muscle was identified and quantified by Hounsfield unit (HU) thresholds of -29 to +150 (water is defined as 0 HU and air as 1,000 HU) [23] . VFA was calculated by counting pixels with densities of -190 to -30 HU [24] . Skeletal muscle mass was normalized for height in m 2 and expressed as skeletal muscle index (SMI) (cm 2 /m 2 ). Using values for SMI, muscle depletion was defined as a value < 42 cm 2 /m 2 in men and < 38 cm 2 /m 2 in women, according to the Japan Society of Hepatology criteria [25] . High VFA (H-VFA) was defined as a value of ≥100 cm 2 , and low VFA (L-VFA) was < 100 cm 2 in men and women, according to the criteria for "obesity disease" as established by the Japan Society for the Study of Obesity [26] . Moreover, we calculated the skeletal muscle area at the third lumbar vertebra level and VFA at 3 and 6 months after sorafenib induction.
Evaluation of Treatment Response
The evaluation of treatment response was classified according to the modified Response Evaluation Criteria in Solid Tumors [27] , based on dynamic CT or magnetic resonance imaging carried out every 3 months. The best response was considered for the response evaluation. We regarded the patients who died without evaluation of the treatment response, based on imaging, as no evaluation.
Statistical Analysis
For continuous variables, results were expressed as mean ± standard deviation or median (interquartile range), and the differences between any two groups were evaluated with an unpaired t test. Categorical variables were presented as frequency counts, and intergroup comparisons were analyzed by the χ 2 test or the Fisher exact test. OS was calculated using the Kaplan-Meier method. Survival time was defined as the interval between the initiation of sorafenib and the last follow-up or death. The follow-up period ended on December 31, 2016. We assessed clinical pretreatment factors in the survival analysis, including age (< 70 or ≥70 years), sex (male or female), Child-Pugh classification (A or B), tumor number (< 7 or ≥7), maximum tumor size (< 40 or ≥40 mm), macrovascular invasion (-/+), EHS (-/+), muscle depletion (absence or presence), and VFA (H-VFA or L-VFA). Uni-and multivariate analyses of OS were performed using Cox regression models, and the results are presented as hazard ratio (HR) with 95% confidence intervals (CIs). Statistical significance was defined as a p value < 0.05. All analyses were performed using the JMP software package v13.0 (SAS Institute, Cary, NC, USA).
Results
Patient Characteristics
The clinical profiles of the 100 study patients are summarized in Table 1 . The patient population consisted of 72 men and 28 women, with a mean age of 70.6 ± 9.8 years. Regarding liver function, 80 patients were classified as having Child-Pugh A disease and 20 as having Child-Pugh B disease. Seventy patients had stage IV disease and the remaining patients had stage II-III disease. The median tumor number and the median maximum tumor size were 7.0 and 40.5 mm, respectively. Twenty-nine patients had macrovascular invasion and 44 had EHS. No patients exhibited complete response, 7 (7%) exhibited partial response, 53 (53%) exhibited stable disease, 27 (27%) exhibited progressive disease, and 13 (13%) exhibited no evaluation. The response rate and the disease control rate were 7 and 60%, respectively. Muscle depletion was observed in 46 of all patients (46%) and H-VFA was found in 65 patients (65%).
Patient Survival and Predictors of Survival
The OS rates at 1, 2, and 3 years were 51.6, 19.7, and 17.2%, respectively, with a median survival time (MST) of 12.1 months (Fig. 1a) . The predictors of survival are shown in Table 2 . Of the nine factors analyzed using univariate analysis, four were significant predictors of survival: Child-Pugh A (p = 0.031), tumor number < 7 (p < 0.001), absence of muscle depletion (p = 0.018), and H-VFA (p = 0.019). Patients without muscle depletion showed significantly longer survival than patients with muscle depletion (MST 13.4 vs. 10.9 months, p = 0.015) (Fig. 1b) . In addition, the patients with H-VFA showed significantly longer survival than those with L-VFA (MST 14.2 vs. 10.2 months, p = 0.015) (Fig. 1c) . Furthermore, multivariate analysis showed that a tumor number < 7 (HR = 0.409, 95% CI 0.247-0.666, p < 0.001), absence of EHS (HR = 0.562, 95% CI 0.344-0.921, p < 0.001), absence of muscle depletion (HR = 0.498, 95% CI 0.304-0.818, p = 0.006), and H-VFA (HR = 0.556, 95% CI 0.331-0.945, p = 0.031) were significant prognostic factors for longer survival (Table 2) .
Body Composition Factors
Both skeletal muscle and visceral fat were significantly associated with the prognosis of advanced HCC patients. Based on these results, we categorized all patients into four types: the no muscle depletion with H-VFA group (n = 38), the no muscle depletion with L-VFA group (n = 16), the muscle depletion with H-VFA group (n = 27), and the muscle depletion with L-VFA group (n = 19). When analyzing OS in the four types, survival was significantly stratified by body composition (p = 0.010), and the no muscle depletion with H-VFA group showed the longest survival of the four groups (Fig. 2 ). In addition, MST was significantly longer in the no muscle depletion with H-VFA group than in the no muscle depletion with L-VFA group (15.6 vs. 12.1 months, p = 0.049), and there were no significant differences in survival among a According to the criteria of the Japan Society of Hepatology. b According to the criteria for "obesity disease" as established by the Japan Society for the Study of Obesity. showed the longest survival in the four groups, the no muscle depletion with L-VFA group 12.1 months, the muscle depletion with H-VFA group 11.2 months, and the muscle depletion with L-VFA group 9.6 months. In the no muscle depletion group, the H-VFA group showed significantly longer survival than the L-VFA group (15.6 vs. 12.1 months, p = 0.049). Survival among the three groups other than no muscle depletion with H-VFA (no muscle depletion with L-VFA, muscle depletion with H-VFA, and muscle depletion with L-VFA) did not show any statistical differences (p = 0.658). H-VFA, high visceral fat area; L-VFA, low visceral fat area; MST, median survival time.
the no muscle depletion with L-VFA group, the muscle depletion with H-VFA group, and the muscle depletion with L-VFA group (MST 12.1 vs. 11.2 vs. 9.6 months, p = 0.658). Therefore, we established no muscle depletion with H-VFA (n = 38) or others (n = 62) (no muscle depletion with L-VFA, muscle depletion with H-VFA, or muscle depletion with L-VFA), in relation to body composition, as a prognostic factor. These two groups showed significantly different prognoses (no muscle depletion with H-VFA vs. others: MST 15.6 vs. 11.0 months, p = 0.003) (Fig. 3) . We found that having a tumor number < 7 (HR = 0.454, 95% CI 0.278-0.733, p = 0.001), absence of EHS (HR = 0.511, 95% CI 0.311-0.839, p = 0.008), and no muscle depletion with H-VFA (HR = 0.454, 95% CI 0.266-0.756, p = 0.002) were favorable prognostic factors in multivariate analysis (Table 3) . Therefore, we identified no muscle depletion with H-VFA as a beneficial biomarker in advanced HCC patients treated with sorafenib.
Discussion
We demonstrated that no muscle depletion with H-VFA is a favorable predictor of survival in advanced HCC patients treated with sorafenib. Although sarcopenia has been reported to be an independent predictor of survival in patients with various cancers including HCC [11-15], there have been only three studies on HCC patients treated with sorafenib [16] [17] [18] . However, there have been no studies focusing on both skeletal muscle and visceral fat in HCC patients treated with sorafenib. This is the first study to identify no muscle depletion with H-VFA as a positive predictive marker for HCC patients treated with sorafenib.
Diagnostic criteria for sarcopenia or obesity differ among counties; there has been no international agreement on diagnostic criteria for sarcopenia or obesity based on CT imaging [25, 28, 29] . In 2016, the Japan Society of Hepatology published the assessment criteria for sarcopenia in liver disease based on data from Japanese people [25] ; we used the CT assessment of these criteria for determining muscle depletion in this study. Regarding VFA using CT assessment, the criteria for "obesity disease" by the Japan Society for the Study of Obesity [28] , which have been used commonly [24] , were adopted in this study.
Sarcopenia was defined as an age-related skeletal muscle depletion by Rosenberg in 1989 [30, 31] . Recently, sarcopenia was shown to be caused by some factors other than aging (so-called secondary sarcopenia), due to various inflammatory diseases including liver cirrhosis (LC) [32] . Reduced glycogen storage in the liver can promote the degradation of skeletal muscle by requiring skeletal muscle to supply glucose and amino acids. Energy metabolism can be analyzed by indirect calorimetry; the non-protein respiratory quotient and oxidation volumes of carbohydrate, fat, and protein are calculated. It has been reported that the non-protein respiratory quotient significantly decreases with the progression of disease severity of LC [33] or with progression of HCC [34] ; as a result, the oxidation rate of carbohydrates decreases and that of fat significantly increases. Therefore, advanced HCC patients may require a certain amount of not only skeletal muscle, but also visceral fat, as an energy substrate. In our study, we analyzed the ability of body composition, in relation to both skeletal muscle and visceral fat, to predict survival of advanced HCC patients treated with sorafenib. Furthermore, the SMI was not significantly correlated with VFA (men: r = 0.122, p = 0.305; women: r = 0.357, p = 0.062). The individual body composition was categorized into four types: no muscle depletion with H-VFA, no muscle depletion with L-VFA, muscle depletion with H-VFA, and muscle depletion with L-VFA. When analyzing OS by these four types, the no muscle depletion with H-VFA group showed the best prognosis, and the other groups showed almost similar prognoses (p = 0.658) (Fig. 2) . Therefore, we established no muscle depletion with H-VFA, in relation to body composition, as a prognostic factor. Although the impact of H-VFA was lower than that of no muscle depletion (HR = 0.556 vs. 0.498; Table 2 ), survival was significantly better in the no muscle depletion with H-VFA group than in the no muscle depletion with L-VFA group (15.6 vs. 12.1 months, p = 0.049; Fig. 2 ). We considered that measuring VFA helps select patients with a favorable prognosis from those with no muscle depletion. This body composition was an independent predictor of survival (Table 3) ; the patients without muscle depletion who had H-VFA showed significantly longer survival than those with other body compositions (Fig. 3) . Although patients in the no muscle depletion with H-VFA group were younger than patients in the other groups (p = 0.045), both types had comparable tumor factors and Child-Pugh classifications (Table 4) .
Furthermore, the disease control rate for the no muscle depletion with H-VFA group was significantly higher than that for the other groups (76.3 vs. 50.0%, p = 0.012). This may be associated with the fact that the duration of treatment with sorafenib (time to treatment failure) and the total amount of administered sorafenib in the no muscle depletion with 
H-VFA group were significantly greater than those in the other groups (median time to treatment failure 11.0 vs. 4.7 months, p = 0.003, see online suppl. Fig. 1 ; for all online suppl. material, see www.karger.com/doi/10.1159/000487858; median total amount of administered sorafenib 115,003 vs. 52,124 mg, p < 0.001). However, we found no significant differences regarding the reasons for sorafenib withdrawal such as adverse events, deterioration of liver function, and disease progression between the no muscle depletion with H-VFA group and the other groups (data not shown). Similar results have been found in other studies [16, 18] .
Recently, the ALBI grade, a liver function assessment based on albumin and bilirubin, has been proposed in HCC patients [35] ; a large multicenter study validated the prognostic value of the ALBI grade across all Barcelona Clinic Liver Cancer stages [36] . Regarding the ALBI grade, 63 of 80 patients with Child-Pugh A were classified as having ALBI grade 2 and 1 of 20 patients with Child-Pugh B as having ALBI grade 1. We adopted the ALBI grade as a substitute for Child-Pugh and then analyzed the data again. Univariate analysis confirmed the ALBI grade as a prognostic factor; however, multivariate analyses did not (see online suppl. Tables  1, 2 ). We found almost the same results: tumor number < 7 (HR = 0.451, 95% CI 0.276-0.726, p = 0.001), absence of EHS (HR = 0.564, 95% CI 0.348-0.918, p = 0.022), and no muscle depletion with H-VFA (HR = 0.459, 95% CI 0.259-0.787, p = 0.004) were favorable prognostic factors in multivariate analysis (see online suppl. Table 2) .
Next, we analyzed the changes in SMI and VFA 3 and 6 months after the induction of sorafenib. Skeletal muscle mass decreased by 5.8 and 5.6%, respectively (see online suppl. Fig. 2a) , while VFA did not show significant changes during sorafenib administration (see online suppl. Fig. 2b) . Additionally, progression of muscle loss was observed in both muscle depletion and no muscle depletion groups (data not shown). These results are in accordance with a previous report [16] . The annual rates of skeletal muscle mass decline were reported to be 1.3% for Child-Pugh A, 3.5% for Child-Pugh B, and 6.1% for Child-Pugh C in LC patients without HCC [37] . Although obvious differences are seen with regards to backgrounds (LC without HCC vs. LC with advanced HCC), sorafenib treatment may markedly reduce skeletal muscle mass compared with LC patients. Therefore, it is suggested that advanced HCC patients treated with sorafenib require enough skeletal muscle mass for treatment.
In general, obesity is associated with tumor progression and poor prognosis in various cancers [38] . Fujiwara et al. [15] reported that high visceral adiposity was independently associated with poor prognosis, but the incidence of advanced HCC was too small (61 of 1,257 patients, 4.8%), with various treatments being performed in their study. However, H-VFA, which was defined as a value of ≥103 cm 2 for men and ≥69 cm 2 for women, was independently associated with a longer survival in HCC patients who underwent hepatic resection [20] . In addition, it has also been reported that H-VFA, which was defined as a value of ≥14,138 mm 2 , was an independent favorable prognostic factor in patients with metastatic renal cell carcinoma who were treated with vascular endothelial growth factor-targeted therapy [39] . Although these types of cancer differ, the patient characteristics were similar to the characteristics of patients with advanced stages of both renal cell carcinoma and HCC in our study. We considered that VFA may affect prognosis by the difference in tumor stage, treatment, and type of cancer. However, its mechanisms remain unclear, and there is still more room for further research in the field of adipokines and how they affect HCC [40] and nutrition. Nutritional therapies [41] or exercise [42] may be useful as an adjunctive therapy for sarcopenia. However, there are a few reports on the efficacy of branched-chain amino acid granules [43, 44] and no reports on the efficacy of exercise in HCC patients treated with sorafenib. As these latter reports are about cohort studies, a randomized control trial will be needed. We have reported that a late evening snack using branched-chain amino acid nutrients improved the energy metabolism in advanced HCC patients undergoing hepatic arterial infusion chemotherapy compared with ordinary food [34] . As there are no studies about late evening snacks using branched-chain amino acid nutrients in sorafenib-treated patients with advanced HCC, further investigations are necessary.
There are limitations to this study. This was a retrospective, single-center study with a small population. Therefore, further investigations with a large sample size are necessary. As CT is an essential imaging procedure for patients with HCC, evaluation of SMI and VFA is a simple method to conduct. Although a validation study with a large sample size in multiple centers is required, it is possible to validate our findings without additional radiation exposure.
In conclusion, we identified no muscle depletion with H-VFA as a novel biomarker for advanced HCC patients treated with sorafenib. Although the tumor characteristics are immutable, it is possible to introduce a treatment intervention, such as nutritional therapy and/or exercise, to help improve factors related to body composition before or during sorafenib treatment. For advanced HCC patients, except for those with no muscle depletion with H-VFA, such appropriate interventions may improve the clinical outcomes.
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